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ABSTRACT

In soil biota, higher and enduring concentration of heavy metals like cadmium (Cd) is hazardous and associated
with great loss in growth, yield, and quality parameters of most of the crop plants. Recently, in-situ applications of
eco-friendly stabilizing agents in the form of organic modifications have been utilized to mitigate the adverse
effects of Cd-toxicity. This controlled experiment was laid down to appraise the imprints of various applied
organic amendments namely poultry manure (PM), farmyard manure (FYM), and sugarcane press mud (PS)
to immobilize Cd in polluted soil. Moreover, phytoavailability of Cd in wheat was also accessed under an alkaline
environment. Results revealed that the addition of FYM (5-10 ton ha™") in Cd-contaminated soil significantly
increased germination rate, leaf chlorophyll content, plant height, spike length, biological and grain yield amongst
all applied organic amendments. Moreover, the addition of FYM (5-10 ton ha™") also reduced the phytoavailabil-
ity of Cd by 73-85% in the roots, 57-83% in the shoots, and 81-90% in grains of wheat crop. Thus, it is affirmed
that incorporation of FYM (5-10 ton ha™') performed better to enhance wheat growth and yield by remediating
Cd. Thus, the application of FYM (5-10 ton ha™') reduced the toxicity induced by Cd to plants by declining its
uptake and translocation as compared to all other applied organic amendments to immobilize Cd under sandy
alkaline polluted soil.
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1 Introduction

Heavy metal stress has become a global issue and has diverted the vast attention of researchers. The
increasing prevalence of toxicant like heavy metals creates critical environmental concern that has
simultaneously posed a real hazard to cultivated soil, human and atmospheric deposition [1,2]. The use of
contaminated sewage sludge, industrial effluents, cadmium (Cd) containing fertilizers, insecticides and
pesticides are the origin point of heavy metals (HMs), causing chronic and acute health problems when
these pollutants transfer from soil to the food chain [3]. Moreover, at high concentrations, several heavy
metals have been reported to inhibit plant growth and disrupt many physiological processes of crop plants
[4]. The uptake of heavy metals depends on several factors including their form, concentration, soil pH,
soil organic matter contents, and plant species [5].

Anthromorphic proceedings including the dumping of municipal disposal, mining work, smelting, metal
production, and using of industrial phosphatic fertilizers resulted in an escalated amount of Cd in the
environment, which is carcinogenic to human health [6,7]. A higher accumulation of Cd in plants restricts
intake and movement of water and essential nutrients, as well as causes oxidative impairment, interrupts
plant cellular metabolic activities, and impedes plant morphological and physiological development [&].

Previous studies have shown that Cd-toxicity in polluted soil may decrease plant growth [9,10] by
interruption of physiological activities such as water balance, transpiration rate, photosynthetic rate, and
decreased chlorophyll contents [1,11,12]. Due to the inhibiting and disturbing nature of Cd, it is not used
as a favourable element for various plant species [13]. Its uptake effect the chemical composition of root
at the time of seed germination [14]. In Cd stressful conditions, the plant development (both
morphological and physiological) gets disturbed and becomes inefficient to build up and detoxicate Cd
ions, [15]. Accumulation of Cd in plants also hinders the efficiency of nutrient uptake and affects its
availability in soil [16]. For instance, Cd exposure caused the deficiency of iron in sugar beet roots [17]
and inhibited the P, K, S, Ca, Zn, and Mn uptake in plants [18].

For remediation of heavy metal from polluted soils, various conventional soil remedial techniques are in
use such as excavation, landfilling, soil washing, etc. So, the in-sitfu immobilization technique has been
anticipated because it is more effective and protective for structural damage, and ecologically viable to
remediate heavy metals pollution from contaminated soils [19]. Various additives and amendments have
been applied as in situ treatments to reduce phytoavailability and exposure of toxic elements to living
organisms [20]. Various approaches are deployed for the indemnification of Cd-toxicity from soil such as
organic and inorganic amendments and agricultural practices [21]. The use of organic amendments can
decrease the bio-availability of metal pollutants in the soil [22]. The uptake and translocation of metal in
plants and mobility in soils can be decreased by their application [23]. Determining the chemical
composition of animal manure is hard to determine, because of the huge quantity and changes in the
concentration of nutrients. A lot of factors could alter the chemical and nutrient status of animal manure [24].

Poultry manure not only reduce the bio-mobility of heavy metals but also reduces its environmental risks
[25]. The farmyard manure (FYM) application at sowing temporarily enhancement in soil pH, which reduces
heavy metals and enhances phosphorus availability [26]. Press mud also helps to suppress heavy metal
toxicity in plants [27]. Amongst cereals, wheat is a staple crop and, is being cultivated on an acreage of
8.80 m.ha in Pakistan with an average yield of 2.85 tons per hectares [28]. Bread wheat was grown on an
estimated area of 9052 thousand hectares with an annual production of 25.6 million tons [29]. Numerous
studies have reported that Cd uptake in wheat is governed by roots and then translocates toward shoots
and finally to grains [30,31]. The Cd-toxicity diminishes the performance of the wheat crop by affecting
its growth stages, photosynthetic activity, and nutritional utilization [32].

HMs occurrence is a huge hurdle for the successful cultivation of wheat and continuous poisonous and
accumulation towards the soil to food chain [33] in many areas of Pakistan. Therefore, it is important to find
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out an alternative to reduce the heavy metals toxicity for the successful cultivation of wheat worldwide on a
sustainable basis with minimum expenditure. Consequently, the present experiment was designed with the
specific objective to envisage the alleviation effects of manures as soil immobilizing agents to reduce the
bioavailability and Cd-accumulation in wheat under a sandy alkaline environment.

2 Materials and Methods

A pot trial was initiated at the Agronomical research area of Agriculture College, at Sub-Campus Layyah
of Bahauddin Zakariya University Multan, Pakistan. The soil was collected from a nearby research area from
a depth of 0 to 15cm. The composite soil sample was processed further for physico-chemical
characterization after air drying, grinding, and sieving through a 2 mm sieve. The texture of the soil was
determined by the hydrometer process of particle size analysis, whereas soil organic matter content was
estimated by Walky and Black technique. pH-meter and EC-meter were used to measure the pH value
and electrical conductivity (EC) of the sampled soil, respectively by making soil and water slurry at
1:2.5 and 1:5 (w/v) ratios, respectively. Similarly, soil elements (N, K. P) concentrations were measured
by the ammonium-acetate method and Olsen’s method, respectively [34,35]. The measured characteristics
of the sampled soil are mentioned in Fig. 1.

pH
SP 10 EC

< Available K

Silt Na”
Sand

Figure 1: OM: soil organic matter (%), EC: electrical conductivity of the soil (ds m™ "), Available K:
available potassium (mg kg '), P: phosphorus (ppm), Na': sodium (mmole L"), Sand: (%), Silt: (%),
Clay: (%), SAR: sodium absorption ratio (mmole L)%, CEC: cation exchange capacity of the soil
(cmol, kg™ "), SP: saturation percentage (%)

For Cd treatment, the soil was contaminated with CANO;.4H,0 (5 mg kg ' of soil) and incubated for
two months at 25°C and 60% moisture content. Afterward, various organic manures like poultry manure
(PM), farmyard manure (FYM), and sugar cane pressmud (PS) were added to the Cd-spiked soil. The
mixture was further incubated for two months at room temperature by maintaining moisture level at 60%.
After incubation, the soil sample was dried, crushed, and sieved (2 mm sieve). Soil samples, from depth
of 0—15 and 15-30 cm, were collected. 1 g of soil sample was mixed with 20 ml of acetic acid solution,
shaked and kept for 18 h. After that, digestion of these samples was done with di-acids H,SO4—H,0, by
keeping the samples under fumehood for 24 h. The samples were digested on hotplate until cleared
liquour was obtained, then filtered and made final volume by adding distilled water. The samples were
directly injected to atomic absorption spectrophotometer (AAS, PerkinElmer, PE400, California, USA)
for determination of Cd concentration. Before using AAS, different samples of known elemental
concentration were used for the calibration. The calibration curve was used to detect the unknown
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concentration of the known element in a certain solution. The AAS was calibrated by using several known
standard concentration of Cd (0, 1, 2, 4, 6, 8 mg L_l). The absorbance of every Cd standard solution was
determined by AAS and then calibration curve of concentration and absorbance was drawn.

Then, 5 kg of this soil mixture was stuffed in each pot. The treatments consisted of control, no
amendment; PM-5, poultry manure 5 t ha™!; PM-10, poultry manure 10 t ha™'; FYM-5, farmyard manure
5t ha'; FYM-10, farmyard manure 10 tons ha™!, PS-5, press mud 5 tons ha! and PS-10, press mud
10 tons ha . Four replications per treatment were assigned under a completely randomized design.

After that, ten seeds of bread wheat cultivar glaxy-2013 were uniformaly dibbled in every individual pot.
The recommended doses of fertilizers were applied in each pot. After having satisfactory germination, each
pot was maintained by having five healthier plants. To maintain moisture, all pots were irrigated with the
same quantity of water till maturity.

2.1 Observations

Germination percentage (GP) was calculated for determining the viability of seeds. It is the percentage of
emerging seedlings in relation to the total wheat seeds and calculated by the method of [36], given as
_ No. of emerged seedlings (15 — DAS)
N Total no. of seeds in a pot

GP x 100%

Whereas, average plant height (cm), number of productive tillers on a plant basis, leaf area, and
chlorophyll content were measured for the identification of plant growth. After tillering, stage total
production tillers on each plant were counted and recorded. Average plant height was taken from tip to
the basal portion of each plant. The greenness of leaves was observed by taking in account the average of
five leaves per pot by using SPAD-502 meter. After that, wheat leaves were detached from the stem at the
collar region and measured for leaf area by using a leaf area meter. At maturity, three plants from each
pot were taken to estimate biological yield and then threshed manually to get grain yield.

In order to determine Cd concentration in different plant parts including roots, shoots, and grains, the
samples were taken at harvesting maturity. Before processing further, the samples were treated with 1
mM solution of CaSO, to eliminate any type of contamination. Samples were further cleaned with
distilled water and then dried by placing them in a hot air oven at 80°C for 48 h. Oven dried plant roots,
shoots, and grains samples were crushed to pass a 30-mesh screen. One gram sample, separately from the
roots, shoots, and grains from each treatment, was collected in a conical flask, further added with 10 ml
solution of HNO;:HCIO4 (v/v, 3:1 ratio) and retained overnight followed by heating on a hot plate until a
clear transparent solution was attained. The digested samples for roots, shoots, and grains were then used
to determine Cd concentration by Atomic Absorption Spectrometer.

Collected data were evaluated statistically by using software SAS, version 9.1. Analysis of variance was
done according to [37] and Tukey’s HSD-test was applied to match mean values of the treatments using 5%
level of probability. Further, radar graph for soil physico-chemical properties and bar graphs for mean
comparison was made by using the software Origin Pro. Whereas, correlation heat-map was generated to
find out the relationship among Cd in different plant parts and soil N, P, and K by using the correlation-
matrix function of the software R studio.

3 Results

Different treatments of organic amendments used to mitigate Cd stress, significantly affected the soil pH
(Fig. 2). Results demonstrated that the soil pH reached a maximum in that treatment which was amended with
poultry manure (PM) @ 10-ton ha 'and it was about 6.31% higher than the control treatment which
was treated with Cd only (Fig. 2), while amending the soil with (PM) @ 5-ton ha ', FYM @ 5 and
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10-ton hafl, PS @ 5 and 10-ton ha ! increase the soil pH to about 4.25%, 2.74%, 3.16%, 3.57% and 4.66%,
respectively, as compared to the unamended soil.
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Figure 2: Influence of organic amendments application on soil pH +S.E

The value showing different letters are significant at 5% probability, whereas values with similar letters are not statistically different at
5% probability.

PM-5, poultry manure @ 5-ton ha”'; PM-10, poultry manure @ 10-ton ha™'; FYM-5, Farmyard manure @ 5-ton ha '; FYM-10,
Farmyard manure @ 10-ton ha™'; PS-5, press-mud @ 5-ton ha™'; PS-10, press-mud @ 10-ton ha™'.

Similarly, organic amendments affected significantly and decreased (P < 0.05) the plant available Cd in
the soil compared with non-treated soil (Fig. 3). Rapid reduction in soil Cd was observed with the addition of
different levels of each organic source. Farmyard manure (FYM) proved a better treatment against cd-toxicity
compared with other organic sources. Further, a maximum decrease (88%) in plant-available Cd compared
with control treatment was recorded in soil received FYM-10 (Fig. 3). while the addition of other organic
amendments as (PM) @ 5 and 10-ton ha ', FYM @ 5-ton ha ', PS @ 5 and 10-ton ha™' decrease the Cd
concentration in soil to about 49%, 75%, 69%, 60% and 71%, respectively, in relation with control condition.

Amendments effect on soil Cd

IS 2 » ~ % » P
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Figure 3: Influence of organic amendments application on the concentration of Cd in the soil=S.E

The value showing different letters are significant at 5% probability, whereas values with similar letters are not statistically different at
5% probability.

PM-5, poultry manure @ 5-ton ha"'; PM-10, poultry manure @ 10-ton ha '; FYM-5, Farmyard manure @ 5-ton ha '; FYM-10,
Farmyard manure @ 10-ton ha '; PS-5, press-mud @ 5-ton ha '; PS-10, press-mud @ 10-ton ha .
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The addition of different organic stuff into the Cd contaminated soil significantly ameliorated the
chlorophyll content of wheat plants (Fig. 4). It is evident from Fig. 4 that FYM produced higher
chlorophyll contents, which further depicts that, in comparison to control treatment, (3.86 times)
higher chlorophyll contents were noted in the treatment which was amended with FYM-10 and then
subsequently observed in PM-10 (2.98 times), PS-10 (2.60 times), FYM-5 (2.40 times), PM-5
(1.81 times) and PS-5 (1.63 times).
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Figure 4: Influence of organic amendments application on chlorophyll contents of wheat+ S.E

The value showing different letters are significant at 5% probability, whereas values with similar letters are not statistically different at
5% probability.

PM-5, poultry manure @ 5-ton ha'; PM-10, poultry manure @ 10-ton ha '; FYM-5, Farmyard manure @ 5-ton ha '; FYM-10, Farmyard
manure @ 10-ton ha™'; PS-5, press-mud @ 5-ton ha '; PS-10, press-mud @ 10-ton ha .

Cadmium toxicity showed adverse effects on seed germination, but its inhibitory effect was reduced
with the addition of organic amendments. The addition of FYM at all rates significantly improved seed
germination rate about 62—186%; while, poultry manure, and press mud gave better results when applied
in higher quantities of 10 ton ha '. A maximum rate of germination was noticed where FYM was applied
in a higher quantity of 10 tons ha ' (Table 1). Likewise, the maximum number of tillers was recorded in
the treatment where FYM was applied at the rate of 10 tons ha ' as compared to the control (Table 1).

Table 1: Effect of different organic amendments on agronomic traits of wheat planted in Cd toxic soils

Treatments Germination %  Leaf area (cm) No. of tillers Plant height (cm) Gains yield (g) Biological yield (g)
Cd + Control 2.53+0.23 E 693+£1.02E 433+024E 18.33+1.54 F 247+032D 620£1.29E

Cd + PM; 3.07+044DE 15.00+1.42D 6.67£041 D 37.33+£2.01 D 9.33+£0.51 BC 23.00+145D
Cd+PM;, 440+049BC 3433+2.72B 8.33+0.39 BC 55.00+3.19B 11.00+£0.42B 37.00+1.93 B
Cd+FYMs 4.10+0.31 BCD 22.67+1.19C 9.33+0.26B  43.00+245CD 9.33+0.38 BC 29.67+2.01 C
Cd+FYM;y 7.23+£042 A 42.00+234 A 11.67£059 A 66.00+£2.95 A 18.00+0.46 A 49.33+2.36 A

Cd + PS5 333+020 CDE 16.67+1.63 D 8.67£0.54 BC 29.67+2.24 E 6.33+£029C 20.33+1.81D

Cd + PSyg 5.03+0.21 B 32.00+229B 7.46+037CD 4833+193BC 12.00+035B 33.33+2.52 BC

Note: Treatments: Control; PMs, poultry manure @ 5-ton ha™!; PM;, poultry manure @ 10-ton ha™!; FYMs5, farmyard manure @ 5-ton ha™'; FYM, 0
farmyard manure @ 10-ton ha '; PSs, press-mud @ 5-ton ha '; PS;q, press-mud @ 10-ton ha™'; Cd, cadmium.
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A significant variation in plant height was observed after the application of different organic
amendments (Table 1). Among the different application sources of organic amendments, the maximum
height of wheat plants was observed by using 10 ton ha ' and it was 260% higher as compared to the
control treatment followed by PM, PS @ 10 tons ha ', FYM, PM and PS @ 5 tons ha ' respectively.
The lowest plant height was measured in the control treatment (Table 1).

Various treatments of organic amendments significantly affected the leaf area of wheat during the
growing season of the crop under Cd stress. Among the different amendments sources, the application of
FYM with 5-10 tons ha ' concentration showed higher leaf area as compared to other amendments
(Table 1) which were 231-506% higher than the control treatment. Whereas, the lowest leaf area was
measured in the control treatment. The total dry matter produced by crop plants was determined by
biological yield. Applications of various organic amendments significantly affect biological yield. All
amendment sources enhanced the biological yield of wheat; however, the highest biological yield was
received from the treatment where FYM was added at the rate of 10 tons ha ' which was almost seven
times higher than the control treatment (Table 1). Similarly, other amendments enhance the biological
yield by the following ratio; PM @ 5-10 tons ha ' (3—7 times), FYM @ 5 tons ha™' (5 times), PS @ 5—
10 tons ha ' (3—5 times), respectively.

Addition of organic amendments substantially enhanced the grain yield of wheat. In this scenario, the
addition of FYM at the rate of 10 tons ha ' showed the highest yield of wheat grains, which was noted
630% higher than the control treatment (Table 1). With the addition of various organic stuff, the analyzed
levels of Cd in plant parts were found significantly decreased (Table 2). Furthermore, among plant parts,
the maximum Cd was analyzed in roots than in shoots and grains, respectively. Amongst all organic
additives, the lowest Cd concentration was observed in FYM, treatment, where it was decreased by 85%
in roots, 83% in shoots, and 90% in grains when checked with the control (Table 2).

Table 2: Impact of various organic amendments on Cd contaminated roots, shoots, and grains of wheat

Treatments Cd concentration Cd concentration Cd concentration
in roots (mg kg ™) in shoots (mg kg ™) in grains (mg kg™")

Cd + Control 2.70+0.18 A 1.46+0.071 A 1.21+0.030 A

Cd + PM; 1.25+0.14 BC 1.23+0.084 AB 0.56+0.026 B

Cd + PM, 1.00+0.04 CD 0.93+0.047 BC 0.40+0.054 BC
Cd + FYM; 0.71+0.11 DE 0.63 +0.060 DE 0.23+0.049 CD
Cd + FYM,, 041+0.19 E 0.25+0.053 E 0.12+0.026 D

Cd + PS; 146+0.12 B 0.55+0.098 DE 0.41+0.031 B

Cd + PSyp 1.24+0.10 BC 0.67+0.066 BC 0.35+0.036 BCD

Note: Treatments: control; PMs, poultry manure @ 5-ton ha™'; PM;, poultry manure @ 10-ton ha™'; FYMs, farmyard manure @ 5-ton ha™'; FYMj,,
farmyard manure @ 10-ton ha ' PSs, press-mud @ 5-ton ha™'; PS;o, press-mud @ 10-ton ha™!; Cd, cadmium.

The soil nutrient status regarding N, P, and K was upgraded considerably by using various amendments
(Table 3). Under diverse applied organic amendments, the highest levels of N, P, and K (484%, 365%, and

389%, higher than the control, respectively) figured out with the modification of Cd toxicity was done with
FYM, treatment (Table 3).
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Table 3: Influence of different organic amendments on N, P, and K concentration in the soil after harvesting

of wheat

Treatments N in soil (%) P in soil (ppm) K in soil (ppm)
Cd + Control 0.006£0.0012 C 1.36+0.18 C 2133+131E
Cd + PM; 0.013+0.0027 BC 2.70+£0.23 BC 30.67+1.28 DE
Cd + PM,, 0.020+0.0022 B 3.33+£0.21 BC 42.66+1.34 BC
Cd + FYM; 0.015+0.0019 BC 3.66+0.25 B 39.33+1.19 BC
Cd + FYM,, 0.035+£0.0028 A 6.33+0.29 A 104.33 £2.44 A
Cd + PS5 0.015+0.0010 BC 2.83+0.15 BC 34.00£2.01 CD
Cd + PS;o 0.021£0.0012 B 433+£0.22 AB 53.66+1.92 B

Note: Treatments: control; PMs, poultry manure @ 5-ton ha™'; PMj,, poultry manure @ 10-ton ha ', FYMs, farmyard manure @ 5-ton ha ', FYM,,,

farmyard manure @ 10-ton ha™'; PSs, press-mud @ 5-ton ha™'; PS,,, press-mud @ 10-ton ha™'; Cd, cadmium.

After considering the correlation ratio of the chosen parameters (soil N, P, K, soil pH, Cd in soil, roots,
shoots, and grains of wheat plant), it was it was found that there were 31% strong positive correlation and
28% strong negative correlation; while, the remaining were moderately correlated either as positive and
negative. The presence of N, P, and K in soil showed a strong positive correlation with each other, while
the negative correlation with Cd in soil, plant roots, aboveground shoots, and in grains samples. All the
components were correlated significantly to each other, except soil pH and K in the soil. Soil pH showed
a non-significant correlation with all the remaining components except itself; while K in soil showed non-
significant association with pH and in soil samples as well as roots and grains (Fig. 5).
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Figure 5: Correlation of...... (A: Soil N, P, K; B: Cd in soil, roots, shoots, grains and soil pH) N = nitrogen,

P = phosphorus, K = potassium, Cd = cadmium
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4 Discussion

Cd enriched soils also known as the polluted soils, disturbed the soil environment and have negative
effect on growth and development of plant when it accumulates in plant body parts [38]. The current
study elaborates how organic amendments alleviate Cd-induced changes in wheat plant growth, heavy-
metal uptake by roots, and its distribution in different plant parts and physiological attributes. The
toxicity of Cd in the control treatment resulted in a very low germination percentage. Due to Cd toxicity
breakdown of stored food material in seed [39] results in a lower germination rate [40]. In the current
study, the application of different organic materials resulted in a high germination rate compared with
control which could be due to the efficacy of organic material for immobilizing Cd; thus, decreasing
availability to germinating seeds. However, results have shown this effect widely varied with the type of
organic material which could be related to the degree of decomposition of that material and relative
persistency in soil. The highest seed germination in FYM-10 could be associated with ease of
decomposition of FYM to become the part of soil more efficiently than other organic sources which
might have caused higher confinement of Cd in the soil. Previously, the same was reported by [41] that
application of FMY increased seed germination rate under Cd stress. The addition of FYM improved the
nutrient status and physical characteristics of soil and effectively decreased Cd uptake in plants [42]. Cd-
induced reduction in growth and biological yield in wheat was observed in this study which has already
been reported by previous studies [43,44]. Similarly, plant leaf area and the total number of leaves have
also been reported to be decreased by Cd [45]. The presence of Cd creates irregularities in plant growth
such as browning and decomposing of roots, reduction in the elongation of root and shoots, variation in
the ultrastructure of chloroplast, which produced chlorosis and reduced the photosynthesis activity
[46,47]. The current study revealed that the applied quantities of organic materials especially FYM
improved the leaf area in wheat plants. Similarly, a previous study showed that FYM application in Cd
and Zinc-contaminated soils significantly modified growth parameters by reducing their uptake in maize
crop [48].

The addition of FYM in higher quantity improved total plant tillers as well as the height of individual
plant height on an average basis in Cd contaminated soil (Table 2). The application of 30 mg FYM ha™'
significantly increased the plant height, number of fertile tillers m 2, yield attributes, and wheat harvest
index [49]. The response of plant growth to FYM was increased with an increasing application rate. By
applying the FYM, the improvement in plant response in terms of growth parameters, possibly attributed
to the proliferation of mineralization and absorption of nutrients which later translated into better plant
height than control plants. The biological and grain yield of wheat was being reduced under Cd toxicity
[50] stated that manure application under Cd stress boosted plant growth and biomass of wheat crop and
reduced the uptake of Cd concentration in plants. The difference in biological yield might be due to
decreasing organic amendments level. Similar results were also reported by [51] who observed that
increasing organic manure amendment quantities bring a significant increment in yield parameters of the
potato crop. The increase in wheat yield was perhaps caused by the effects of organic manures on
growth-related characteristics which resulted in improved biomass production, leaf growth, chlorophyll
density resulting in more photo-assimilate production and ultimately translated into higher grain yield [52].

It has been found that Cd-reduced the plant height [53] and nutrient uptake such as calcium, zinc, and
iron level in Zea mays L. [54]. In this study, Cd stress also reduced the plant development, absorption of
nutrients and their translocation in the plant parts. It has been reported that, in different growing
condition, the status of different nutrients in wheat plant tissues were decreased by Cd-toxicity [33]. It is
evident that the concentration of major nutrients like N, P, and K found to be reduced after harvesting of
wheat in cadmium toxic soils. The organic amendments have ability to retain nutrients in soils and
improved the soil structure and fertility [55]. In the present study, the use of organic amendments
remarkably upscaled the concentrations of NPK within the soil as compared to the control. However, a
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significant increase in NPK contents compared with other treatments recorded with FYM-10 treatment. As it
was previously reported that the application of FYM soil not only improves characteristics of soil in all
aspects but also supplies the crops with all kinds of required nutrients [56]. The increased levels of high-
demanding nutrients like N, P, and K are possible because of the addition of organic amendments that
significantly enhanced the nutrient mobility in soil [55].

In the present study, the addition of organic amendments reduced Cd concentration to a great extent in
various samples of wheat. The reduction of Cd in plant tissue might be due to various mechanisms of organic
amendments. The use of organic amendment in minimizing the Cd concentration would involve the
immobilization of Cd by organic fraction [57]. Similarly, nutrients supplying the ability of organic
amendments might have improved wheat production and Cd uptake. Because in the present study,
nutrients (NPK) concentrations increased significantly in organically amended soil in relation to the check
treatment, whereas Cd distribution among different samples of wheat was negatively correlated with
nutrient contents in soil (Fig. 5). Dilution effect due to increase in plant biomass minimizes the hazardous
effect on plants grown in contaminated soil [58]. Moreover, different nutrients have different effects in
reducing the harmful effects of Cd. Nitrogen supply improves Cd binding protein in plants which helps in
detoxification and reduces its accumulation in seed [59]. Similarly, the formation of insoluble Cd
phosphate in soil due to P declines its accumulation in seed [60]. In this study, although different organic
sources reduced Cd accumulation in wheat, however, minimal Cd accumulation was recorded with FYM-
10 treatment. These results suggested that Cd mobility and phytoavaibility vary with the kind of organic
matter as well as the rate of its application.

The amendment of soils with FYM produced wheat plants with comparatively lesser Cd concentration in
different tissues of plant than the soils amended by other types of organic matters (Table 2). The
quantification of Cd, in the soils which have hazardous quantities of heavy metals importantly Cd, by
lowering its amount in useable parts of plant materials is highly demanded for producing safe food [61].
Factors including soil pH, fertilizer type, plant species, and soil texture influence the effect of N on the
intake of Cd by plants [62]. Adaptation of various agricultural approaches including organically and
inorganically produced amendments, and other practices have a negative relationship with cadmium
mobilization and its absorption in crop plants [63]. The use of organic fertilizers has also restricted the
ions of heavy metals to be transported from soil to plants through [64]. Nutrients present in organic
amendments decrease Cd concentration in shoots, grains [65], and roots [66].

5 Conclusion

The present study concludes that the application of various organic amendments was found useful in
making the soil environment conducive for plant growth by lowering the concentration of Cd in soil and
by optimizing soil properties to a suitable limit as well as improving the nutrient status of the soil.
Moreover, the application of organic amendments has the potential to ameliorate the quantity of Cd not
only in the soil but also in different plant parts (root, shoot and grain). Organic amendments also
enhanced the agronomic performance of wheat crop by increasing nutrient accessibility in the form of N,
P and K in the soil environment. It is therefore recommended to use FYM for phytostabilization of soils
and to optimize the yield potential of wheat crop in soils which have higher levels of cadmium.
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